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Abstract
An organocatalytic three-component reductive coupling reaction between dimethyl phosphite, 
benzylidene pyruvates, and aldehydes is reported. A chiral triaryliminophosphorane catalyst 
promotes Pudovik addition, which is followed by phospha-Brook rearrangement to transiently 
generate enolates that are trapped stereoselectively by aldehydes. This reductive coupling provides 
vicinal polyfunctionalized stereocenters from readily available prochiral starting materials with 
excellent diastereoselectivity, enantioselectivity, and yield.
The reductive union of two prochiral starting materials into products bearing vicinal 
stereogenic centers builds molecular complexity and as such is an actively sought 
transformation in chemical synthesis. Pinacol-type reductive coupling reactions deliver 
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vicinal diols,1–5 but drawbacks remain. Commonly used single-electron transfer methods 
rely on stoichiometric amounts of low-valent metal,3n–r and stereocontrol can be 
challenging.5b,c In the methodologies that have successfully achieved selectivity in the 
reductive coupling reaction, there is still the issue of making the vicinal alcohols react 
orthogonally in downstream transformations.3g Some of these issues were recently 
addressed through the use of a base-catalyzed, phosphite-mediated asymmetric reductive 
coupling of two different carbonyls.6,7 In this mechanistic manifold, a Pudovik addition of a 
dialkylphosphite to an isatin triggers phospha-Brook rearrangement and subsequent catalyst 
controlled trapping of the resultant enolate with an aldehyde.6–9 Herein, we extend this 
reaction framework and report a highly stereoselective phosphite-mediated reductive 
coupling reaction between benzylidene pyruvates and aryl aldehydes (Scheme 1).
Our goal of introducing a higher level of functionality into the product carries with it 
challenges not faced in our prior work (Scheme 2). In order to achieve a stereoselective 
cross-coupled product from ambident benzylidene pyruvates and aryl aldehydes, it is 
necessary to be able to control (a) the chemoselectivity of the phosphite addition (pyruvate 
vs aldehyde),10 (b) the regioselectivity of the phosphite addition (1,2-vs 1,4-addition),11 (c) 
the nucleophilicity of the nascent enolate (α- vs γ-trapping),12 (d) the chemoselectivity of 
the enolate trap (pyruvate vs aldehyde),12,13 and (e) the stereoselectivity of the enolate 
addition into the aryl aldehyde. Fortunately, the relative electron deficiency of the 
benzylidene pyruvates made the chemo- and regioselectivity issues manageable. 
Furthermore, the chiral triaryliminophosphoranes developed by Dixon and co-workers14 
guided the stereodefining C–C bond construction with excellent levels of diastereo- and 
enantiocontrol.
Initially, we studied the dimethyl phosphite mediated reductive coupling of benzylidene 
pyruvate 1a with para-bromobenzaldehyde (Table 1). Using 10 mol % KOtBu at 0 °C, the 
reaction was complete in minutes and hydroxy phosphate 2a was formed exclusively (dr 
1.2:1). Having found that the enolate formed by the Pudovik–phospha–Brook sequence was 
both nucleophilic at the correct position and capable of being trapped by aryl aldehydes, we 
turned our attention to the development of the asymmetric variant. In our previous 
experience with this type of reductive coupling reaction, we demonstrated through crossover 
experiments that a stereoablative retro aldol process becomes possible somewhere in the 
cryogenic range;7 therefore, we sought to carry out the reactions at as low a temperature as 
possible. We observed that cinchona alkaloid-derived thiourea catalysts were not basic 
enough to permit the reaction to proceed at cryogenic temperatures, which caused us to 
move toward other catalyst families. The evaluation of chiral triaryliminophosphorane C1 
revealed that, after 48 h at −60 °C, the starting material was completely consumed and a 6:1 
ratio of products was obtained arising from aldehyde trapping (2a) relative to proton 
trapping (3a), the former with a diastereomer ratio of 13:1. This encouraging result led us to 
synthesize and evaluate catalyst C2, which gave a >20:1 ratio of 2a:3a, with >20:1 dr and 
97:3 er.
The application of catalyst C2 to a broader range of reaction partners was then undertaken 
(Scheme 3). The reaction proceeds with electron-withdrawing groups on the benzylidene 
pyruvate; placing the electron-withdrawing group on the ortho (2f, 2g) or para (2b–2d) 
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positions on the benzylidene pyruvate led to comparable yields and stereoselectivities to the 
unsubstituted case, but we found that using a meta-bromo benzylidene pyruvate gave only 
5.4:1 dr. Additionally, while substrates with meta and para electron-withdrawing groups 
gave upward of 96:4 er, we observed enantioselectivities of 90.5:9.5 for 2f and 93:7 for 2g 
(o-bromo and o-fluoro, respectively). Using a 4-methyl substituted benzylidene pyruvate we 
observed that the reaction was complete in 24 h (2h), though, with stronger electron-
donating groups on the ring, the reaction is slower likely due to depressed rate of Pudovik 
addition (2i–2j). Using the 2-thienylidene pyruvate gave 2k in >20:1 dr, with 87% yield and 
92:8 er, but extending the conjugation of the starting material as in 2l gave 14:1 dr and 92:8 
er, with a 74% yield. The reaction was found to proceed with other electron-deficient aryl 
aldehydes as well (2m–2r), either in the para or meta position, although there was a 
noticeable drop in stereoselectivity with para-nitrobenzaldehyde. We attempted to use 
benzaldehyde as a coupling partner, but observed that the major product formed in that 
reaction was 3.15
The asymmetric reductive coupling reaction on gram scale works comparably to those 
reactions conducted on smaller scale. Figure 2 illustrates the conversion of 1 g of 1a to 1.88 
g of the derived coupled product 2a with >20:1 dr and 97.5:2.5 er after a single 
recrystallization. An X-ray diffraction study of this material revealed the absolute 
configuration of the coupled product to be (1R,2R) (Scheme 4).16
The work described here expands on organic reductant-based organocatalytic reductive 
coupling. The title process exhibits high levels of chemo- and stereoselectivity in the face of 
multiple potential reaction pathways. Specifically, this work presents new possibilities for 
the coupling partners that can participate in this reaction. Research into potential 
applications of these new motifs is currently underway in our laboratory.
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Scheme 1. 
Asymmetric Reductive Multicomponent Coupling Reactions
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Scheme 2. 
Chemoselectivity Issues
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Scheme 3. 
Asymmetric Reductive Coupling Reactionsa,b
aAll reactions were conducted on 0.1 mmol scale, using 1.1 equiv of dimethyl phosphite and 
5.0 equiv of ArCHO. % yields refer to isolated yields. All dr, er, and % yields are the 
averages of two trials. bReaction time = 48 h.
Horwitz et al. Page 8
Org Lett. Author manuscript; available in PMC 2017 January 04.
Author M
anuscript
Author M
anuscript
Author M
anuscript
Author M
anuscript
Scheme 4. 
Asymmetric Reductive Coupling Reaction on Gram-Scale and X-ray Diffraction Study of 
2aa
aThe reaction was conducted using 1.1 equiv of dimethyl phosphite and 5.0 equiv of 
ArCHO. % yield refers to isolated yield. Reaction was run for 24 h.
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